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6 0 n o b l e  f o u n d a t i o n
Guretzky specializes in research on forage and bio-
energy crop management that will assist agricultur-
al producers and landowners in meeting their goals. 
The first area of research involves Drs. Jon 
Biermacher and Billy Cook for the evaluation of 
management practices of switchgrass in forage and 
bioenergy systems. Objectives include: 1.) assessing 
potential on-farm biomass yields and production 
economics of switchgrass; 2.) documenting effects 
of location, harvest system and nitrogen fertilizer 
rates on biomass yields, forage quality, stand per-
sistence and nutrient removal rates; 3.) evaluating 
establishment and biomass production responses 
to phosphorus and potassium fertilization; 4.) de-
termining how stocker cattle gains on switchgrass 
vary with stocking density; 5.) determining switch-
grass persistence and end of season biomass yields 
following early season grazing; and 6.) determining 
economics of stocker cattle ownership on switch-
grass.
The second area of collaborative research 
involves Drs. Twain Butler, Ryan Reuter and Jon 
Biermacher and focuses on evaluation of legume 
species in pastures. Research objectives include: 
1.) evaluating spring forage availability of winter 
annual legume species; and 2.) documenting net re-
turns to land, labor and management from stocker 
cattle grazing N-fertilized and legume-interseeded 
pastures. Results have been promising. From 2006 
to 2008, hairy vetch and Austrian winter pea 
produced dry matter yields ranging from 2,204 to 
6,720 lb/acre across six environments. In 2008, a 
grazing experiment was established to compare 
bermudagrass fertilized with urea at 112 kg N/
ha; bermudagrass interseeded with a grazing-
type alfalfa; and bermudagrass interseeded with 
a mixture of winter annual legumes (hairy vetch, 
crimson clover and arrowleaf clover). Net returns 
were $292, $109 and $227/ha for N-fertilized, 
alfalfa and annual legume systems, respectively. Net 
returns between the N-fertilized and the annual 
legume system were sensitive to price of N, gain/ha, 
value of gain and grazing days. 
The third area of research evaluates the use of fire 
to improve rangeland for beef cattle and wildlife. In 
collaboration with Ken Gee and others, research at 
the Oswalt Road Ranch will examine how con-
trolled burning affects stocker cattle production, 
herbaceous and woody species composition and 
biomass, and land management economics. Three 
experimental units will be controlled burned and 
grazed, and three will receive grazing only. Annual 
changes in herbage mass and plant communities will 
be documented beginning in 2009 and prescribed 
burning and grazing will continue until 2020.
Continuing research projects include:
•	 evaluation of stocker cattle gains on bermuda-
grass pastures managed conventionally with 
N fertilizer compared to legume-interseeded 
bermudagrass pastures;
•	 evaluation of production and quality of legume-
interseeded and N-fertilized rye-ryegrass mixtures;
•	 assessment of biomass yields and economics of 
switchgrass as a bioenergy crop (supported by 
Ceres, Inc.);
•	 evaluation of nitrogen fertilization rates and 
harvest frequency interactions on switchgrass 
biomass yields (supported by Ceres, Inc.);
•	 evaluation of nitrogen, phosphorus and potas-
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uptake (supported by Ceres, Inc.);
•	 evaluation of nitrogen responses of perennial 
grasses for bioenergy under dryland and irri-
gated conditions (supported by the Oklahoma 
Bioenergy Center);
•	 assessment of prescribed burning effects on 
rangeland vegetation, wildlife habitat, stocker 
cattle production and economics;
•	 evaluation of switchgrass in a dual-purpose 
stocker cattle and bioenergy system (supported 
by the Oklahoma Bioenergy Center);
•	 examination of planting date, seeding rate and 
row spacing on establishment of switchgrass;
•	 evaluation of forage production of legume spe-
cies seeded with perennial grasses;
•	 examination of yield and nutritive value of alfalfa- 
interseeded and fertilized bermudagrass hay;
•	 evaluation of no-till established foxtail millet-
wheat forage systems; and
•	 evaluation of nitrogen and phosphorus fertilizer 
rates on native rangeland.
Grants and contracts received:
Oklahoma Bioenergy Center; Biomass production 
and nitrogen responses of perennial grasses for 
bioenergy under dryland and irrigated condi-
tions; Principal Investigator; Total Noble Founda-
tion award: $117,100 (of $3,780,807); Duration: 
January 2008 to December 2010
Oklahoma Bioenergy Center; Large-scale establish-
ment of switchgrass for biofuels research in the 
Oklahoma Panhandle; Co-principal Investigator; 
Total Noble Foundation Award: $1,709,640 (of 
$3,780,807); Duration: January 2008 to Decem-
ber 2012
Oklahoma Bioenergy Center; Utilization and value 
of switchgrass in a dual-purpose stocker cattle 
and bioenergy system; Co-principal Investigator; 
Total Noble Foundation Award: $292,750 (of 
$3,780,807); Duration: January 2008 to Decem-
ber 2011
Ceres, Inc.; Production-scale agronomics and 
economics of switchgrass for bioenergy across 
the Southern Great Plains; Principal Investigator; 
Duration: March 2007 to December 2011
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6 2 n o b l e  f o u n d a t i o n
Agriculture and energy policies of the United States 
are currently favorable to investment in renewable 
energy research, development and production. The 
Energy Independence and Security Act of 2007 in-
creased the Renewable Fuel Standard in the United 
States, calling for 36 billion gallons of renewable 
fuels production by 2022, of which 21 billion gal-
lons of cellulosic ethanol are to be produced from 
cellulosic-containing biomass resources. Switch-
grass has been identified as a next-generation 
feedstock to be grown across the U.S. for cellulosic 
ethanol because of its high yield potential, broad 
adaptability, indigenousness to North America, pe-
rennial life-form and low fertilization requirements. 
Although not commercially viable today, cellulosic 
ethanol demonstration plants are expected to be 
operating by 2012.
In the interim, crop and livestock producers 
need information on how to integrate and man-
age switchgrass in their present systems. In the 
Southern Great Plains, beef cattle production is 
an important agricultural enterprise. Provided 
appropriate and timely management, switchgrass 
may supply high quality forage for grazing and hay 
production. Important to economical production 
of switchgrass (whether for forage or bioenergy) is 
defining how fertilization, crop harvest and grazing 
management practices affect biomass supply and 
quality, rates of nutrient removal and stand persis-
tence.
From 2007 through 2008, the Agricultural 
Division established switchgrass experiments at 
eight Oklahoma locations. The southern lowland 
cultivar “Alamo” was established in 5-acre tracts 
at Frederick and Burneyville with objectives of 
determining effects of location, harvest system 
and N fertilizer rate on biomass yield and quality. 
Interactions of harvest system and N rate affected 
total annual yield in 2008. Biomass yields ranged 
from 8,400 to 9,400 lbs/acre across harvest systems 
when no N was applied. Application of 40 lbs N/
acre increased yields by 10 percent when harvested 
once per year either at seed maturity (October) or 
after a killing frost (December) and by 19 percent 
when harvested twice per year at boot stage (July) 
and after a killing frost. With 160 lbs N/acre, 
biomass yields were 9,567; 12,422; and 14,747 
lbs/acre when harvested at seed maturity, after a 
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killing frost and twice per year, respectively (Figure 
1). Nutrient removal tended to increase with N 
fertilization and was generally twice as great for 
each nutrient within the two-cut system relative 
to the one-cut system. Applying N and harvesting 
once per year after frost ensured both high biomass 
production and reduced soil nutrient mining.
Alamo was also established in fields at Waurika 
and Ardmore that had either low soil test P or 
K. On sites with low soil test P (5 to 8 lbs/acre), 
objectives were to evaluate responses of switchgrass 
to nitrogen (0 and 120 lb acre-1) and phosphorus 
(0, 30, 60 and 90 lb P2O5 acre-1) fertilizer rates. 
Interactions of potassium (0 and 60 lb K2O acre-1), 
nitrogen (0 and 120 lb acre-1) and harvest frequency 
(once and twice per year) were evaluated on a low 
soil test K site (120 lbs/acre). Objectives were to as-
sess effects of P and K on biomass yields, determine 
nutrient removal rates, assess length of time before 
yield-limiting nutrient deficiencies developed, and 
assess dependence of nutrient removal rates on N 
fertilizer rates and harvest frequency. In the N and 
P rate experiments, biomass yields of established 
stands were affected by location, N and P rate (Fig-
ure 2). Applying 90 lbs P2O5/acre increased yields 
from 7,614 to 9,145 lbs/acre. In the harvest system, 
N and K rate experiment, biomass yields were un-
affected by treatments in 2007 and 2008, averaging 
4,110 and 14,415 lbs/acre, respectively. Cutting 
biomass twice per year as opposed to once a year, 
however, removed more K. Uptake of N, P and 
K averaged 177; 20; and 184 lbs/acre within the 
two-cut system and 194; 15; and 46 lbs/acre within 
the one-cut system, respectively. Although low soil 
test P and K did not strongly limit biomass yields of 
these young stands, continued biomass harvesting 
and removal without nutrient replacement has the 
potential to deplete soil of nutrients and constrain 
biomass yields as stands age.
In May 2007, a 24-acre field of Alamo was 
established successfully at the Red River Farm 
near Burneyville, Okla. (Figure 3). Twelve, 2-acre 
paddocks were created within this tract in 2008 
to evaluate effects of early-season stocker cattle 
density (0, 2, 4 and 6 steers per paddock) on 
switchgrass. Herbage mass and nutrient composi-
tion were measured at biweekly intervals during 
the grazing period (April 17 to July 23) and once at 
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Figure 2. Location, N and P fertilizer rate effects on 
Alamo switchgrass biomass yields
Figure 1. Harvest system and N rate effects on biomass 
yields of Alamo switchgrass
Figure 3. Stocker cattle after 21 days of spring grazing on 
Alamo switchgrass. Cattle were removed shortly thereafter 
as forage was depleted.
Figure 4. Regrowth of switchgrass biomass in grazed 
paddock (foreground) relative to ungrazed paddock 
(background) in September 2008
the end of the growing season (Sept, 18). Stocking 
density affected cattle production, biomass yields 
and forage quality. Steers weighing approximately 
675 lbs at the start of grazing gained 65 lbs over a 
21-day grazing period under the high stock density 
(Figure 3) compared to 78 lbs over a 30-day period 
under the medium stock density and 183 lbs over 
a 98-day period for the low stock density. Under 
the low stock density, growth of the switchgrass 
outpaced the rate at which the cattle consumed 
the forage. Average daily gain was not significantly 
different among stock densities, but an interesting 
trend occurred. Over 2.5 lbs of gain were achieved 
per day under the high and medium stock density 
treatments, coinciding with when switchgrass had 
high forage quality. Under the control (nongrazed) 
system, 12,589 lbs of dry matter (6.3 tons) were 
produced per acre by Sept. 18, remarkable yields 
considering the site was sandy and only 70 lbs 
of N was applied as fertilizer. A biomass yield of 
6,798 lb/acre (3.4 tons/acre) among the grazed pad-
docks on Sept. 18 indicates producers may utilize 
switchgrass in the spring for forage and yet achieve 
moderate end-of-season biomass yields for biore-
finery purposes (Figure 4). At the start of grazing, 
nutrient composition was similar among treat-
ments, averaging 15 percent crude protein and 73 
percent digestibility.
Although based on only one year of data, the 
research highlights potential opportunities for 
stocker cattle producers to integrate switchgrass 
into their pasture systems. Use of switchgrass for a 
month-long grazing period after graze-out (termi-
nation) of winter pasture may allow producers to 
retain cattle longer and achieve heavier livestock 
gains on pasture before selling these animals. Infor-
mation on production economics of the alternative 
scenarios will be reported as more years of data 
become available.
